Introduction
Mammalian teeth develop as ectodermal organs bearing many similarities to other such organs like hair, feathers, and mammary glands. [1] The positioning of teeth, their intricate and species-specific morphologies, timing of development, and regeneration imply stringent regulatory mechanisms of development and make teeth a relevant and interesting model for several scientific disciplines. Basic problems in developmental biology, including cell commitment, reciprocal tissue interactions, pattern formation, positional information, and development of complex morphologies may be approached using teeth and dentitions as a model system. [2, 3] Hypodontia (hypo, Greek for "less") is the most commonly used term even though it may sound like a scientifically sounding simile of "missing teeth" or may be mixed with reduced size of teeth. The term has been used for tooth agenesis in general, but recently in particular for the common, mild forms. Prevalence of tooth agenesis shows a rather large variation. Its birth prevalence ranges from 5 to 8%, except third molars depending on geographical origin.
Prevalence is higher among females than among males. [4] No general difference in the frequency of agenesis between the left and right sides exists, and for permanent teeth no significant difference between maxilla and mandible has been reported although for individual teeth in different jaws the frequencies differ. For the primary teeth, agenesis is more common in the maxilla. [5] Apart from the third molars, many studies among Caucasian populations have scored the lower second premolars most commonly affected, followed by upper lateral incisors and upper second premolars, while some studies have found that upper lateral incisors are most often affected. [6, 7] Among Asian populations, agenesis INTRODUCTION: Non-syndromic tooth agenesis is a congenital anomaly with significant medical, psychological, and social ramifications. There is sufficient evidence to hypothesize that locus for this condition can be identified by candidate genes.
AIM OF THE STUDY:
The aim of this study was to test whether MSX1 671 T > C gene variant was involved in etiology of non-syndromic tooth agenesis in Raichur patients. MATERIALS AND METHODS: Blood samples were collected with informed consent from 50 subjects having non-syndromic tooth agenesis and 50 controls. Genomic deoxyribonucleic acid (DNA) was extracted from the blood samples, polymerase chain reaction (PCR) was performed, and restriction fragment length polymorphism (RFLP) was performed for digestion products that were evaluated.
RESULTS:
The results showed positive correlation between MSX1671 T > C gene variant and non-syndromic tooth agenesis in Raichur patients. CONCLUSION: MSX1 671 T > C gene variant may be a good screening marker for non-syndromic tooth agenesis in Raichur patients.
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of lower central incisors is much more common than among Caucasians, this tooth actually being the most often affected, and in the primary dentition. [8] The third molars may account for about 75% of all affected teeth. [7] If they are not considered, agenesis of second premolars and upper lateral incisors account for 85% of all affected teeth among Caucasian populations. Bilateral agenesis is observed for most teeth in almost half of the possible occurrences, that is, when two teeth are affected. [6, 7] Bilaterality may be more common for maxillary lateral incisors than for premolars in either jaw. [9] It is very likely that both genetic and environmental factors contribute to this malformation. Genetic factors contribute approximately 30% towards isolated tooth agenesis; whereas environmental factors are the major contributors, approximately 70% of isolated tooth agenesis. The etiology seems complex, but genetics plays a major role. [10] MSX1 is located on human chromosome 4p16. The functions of MSX1 in tooth development best understood as regulators of the signaling needed for the formation of the enamel knots. [11] Tooth agenesis associated with MSX1 defects was a result of reduced amounts of the MSX1 protein, that is, haploinsufficiency.
The mutations and polymorphisms of MSX1 have been shown to be diverse. One of variation for MSX1 is 671 T > C (resulting in a Leu224Pro substitution).
The advents of molecular biology and advanced genetic techniques have allowed uncovering, characterizing, and ultimately manipulating the genes that make up the genome. It is becoming clear that the molecular center of embryogenic morphology resides at the level of gene.
Hence, the aim of this study is to derive an association between MSX1 671 T > C gene variant and non-syndromic tooth agenesis involving mandibular second premolars and maxillary lateral incisors in the Raichur district with use of polymerase chain reaction (PCR) followed by restriction fragment length polymorphism (RFLP) with restriction enzyme Eco31I (from Escherichia coli). 
Materials and Methods

Source of data
This genetic study was conducted on the people in an institution of Raichur district having non-syndromic tooth agenesis as cases.
Method of selection of data
Inclusion criteria of patients 
Sample size
Group A: Fifty subjects with non-syndromic tooth agenesis from Raichur district.
Group B: Fifty control subjects from Raichur District.
Methodology
The study was carried out in our institution after approval from institutional ethical committee. Informed written consent was taken from the respective subjects. A study was conducted on 50 non-syndromic tooth agenesis patients and 50 control subjects. As preoperative evaluations, all patients were screened for the presence of associated anomalies or syndromes by a geneticist, and only those determined to have non-syndromic tooth agenesis were included in the study.
The study was done in four steps:
Collection of blood samples
Venous blood samples of 2 ml were obtained from both Groups A and B [ Figure 1 ]. 
Genomic
Statistical analysis
The statistics for this study were computed using statistical software (Statistical Package for Social Sciences (SPSS), version 17.0, Chicago, III). Chi-square test was employed for statistical analysis. The statistical significance level was set at P < 0.001 at 95% confidence intervals.
Results
The following results were obtained from the descriptive data and the statistical comparisons:
Descriptive data
The initial PCR product of the MSX1 gene was obtained for the 50 subjects. The size of this PCR product was 448 bp [ Figure 4 ]. After obtaining the initial PCR products of MSX1 gene (448 bp) from groups A and B, samples were then subjected to digestion with the specific restriction enzyme Eco31I (from E. coli). After digestion, the 448 bp products were completely digested with two restriction sites and three specific bands at 226, 189, and 139 bp in 46 subjects of Group A [ Figure 5 ];
whereas, 44 subjects in Group B showed incomplete/no digestion [ Figure 6 ]. So the presence of variant was shown only in 46 subjects of Group A and six subjects in group B.
Statistical comparisons
Chi-square test was employed for statistical analysis that gave a P < 0.001 at 95% confidence intervals. The odds value was 84.
The descriptive data and statistical comparisons demonstrate a significant association between MSX1 671
T > C gene variant and non-syndromic tooth agenesis
in Raichur patients. It has been suggested that the key role of MSX1 is to facilitate the bud to cap stage transition. [11] Mesenchymal MSX1 expression is initially activated by the epithelial BMP4 signal, and needed for a reciprocal BMP4 signal from the mesenchyme. BMP4 and MSX1 thus form an autoregulatory loop. [12] The BMP4 signal to the epithelium is crucial for the formation of the epithelial signaling center, the enamel knot, and the arrest of the development in MSX1 null mutant teeth can be rescued by external BMP4 or transgenically activated BMP4
expression. [12] The expression of PAX9 is apparently needed to maintain and, by the synergism with MSX1, to enhance this loop. However, as shown by the mice with hypomorphic mutations, PAX9 is also needed later in tooth development. [13] The regulation of MSX gene expression is accomplished by diverse mechanisms involving retinoids, antisense 'quenching', growth factor regulation, and complementary/ antagonistic interaction with other transcription factors.
This reduced activity of MSX1 due to genetic variation may increase the risk for tooth agenesis.
The present study describes a novel mutation in the Moreover, a mutation identified in the Polish population (Ala194Val) showed incomplete penetrance. [14] Mutations in the MSX1 gene have also been described in syndromic forms of tooth agenesis, including Witkop syndrome, Wolf-Hirschhorn syndrome, and hypodontia combined with orofacial clefting. It is interesting to note that MSX1 is one of the main candidate genes for non-sydromic cleft lip and palate. It has been proposed that its mutations could contribute to as many as 2% of all cases of this common craniofacial anomaly. [15] But there is possibility of involvement of other genes as non-syndromic tooth agenesis is of polygenic nature and studies suggest that other genes like PAX9, AXIN2, and EDA genes are involved in the etiology of non-syndromic tooth agenesis.
Conclusion
This study indicates that there is strong association 
